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(54) Fuel injector 


(57) A fuel injector comprises an outer valve needle 
(14), an inner valve needle (30) slidable within a bore 


(28) formed in the outer valve needle (14), an inner end 
of the inner valve needle (30) being located within the 
bore (28), the inner end of the inner valve needle (30) 
being provided with a recess (34) whereby the applica- 
tion of fuel under pressure to the bore (28) deforms the 
inner valve needle (30) to form a substantially fluid tight 
seal between the inner and outer valve needles (1 4, 30). 
The inner and outer needles (14, 30) may be exposed 
to the fuel pressure within a common control chamber 
(46), a single actuator arrangement being used to con- 
trol movement of both needles (14, 30). 
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Description 

[0001] This invention relates to a fuel injector for use 
in supplying fuel, under pressure, to a combustion space 
of a compression ignition internal combustion engine. 
[0002] In order to reduce emissions levels, it is known 
to provide fuel injectors in which the total area of the 
openings through which fuel is delivered can be varied, 
in use. One technique for achieving this is to use two 
valve needles, one of which is slidabie within a bore pro- 
vided in the other of the needles to control the supply of 
fuel to some of the outlet openings independently of the 
supply of fuel to others of the outlet openings. 
[0003] Such arrangements have the disadvantages 
that fuel may be able to flow between the inner and outer 
needles giving rise to substantially continuous delivery 
of fuel at a low rate. Further in order to control the move- 
ment of the inner and outer needles, separate actuators 
may be required resulting in the injector being of in- 
creased complexity. 

[0004] According to a first aspect of the invention 
there is provided a fuel injector comprising an outer 
valve needle, an inner valve needle slidabie within a 
bore formed in the outer valve needle, an inner end of 
the inner valve needle being located within the bore, the 
inner end of the inner valve needle being provided with 
a recess whereby the application of fuel under pressure 
to the bore deforms the inner valve needle to form a sub- 
stantially fluid tight seal between the inner and outer 
valve needles. 

[0005] Such an arrangement is advantageous in that 
leakage and fuel delivery at undesirable points in the 
engine operating cycle can be reduced or avoided. 
[0006] According to another aspect of the invention 
there is provided an injector comprising an outer valve 
needle and an inner valve needle, the inner needle be- 
ing slidabie within a bore formed in the outer needle, the 
inner and outer needles being exposed to the fuel pres- 
sure within a control chamber, and a single actuator con- 
trolling the fuel pressure within the control chamber. 
[0007] The actuator may take the form of an electro- 
magnetically actuated valve, or alternatively may com- 
prise a piston moveable by a piezoelectric actuator. 
[0008] Such an arrangement permits independent 
control of the inner and outer valve needles using a sin- 
gle actuator, movement of the inner and outer needles 
being dependent upon the pressure differential between 
the upper and lower ends thereof, the effective cross 
sectional areas exposed to fuel under pressure and the 
effect of any spring biasing. 

[0009] The invention will further be described, by way 
of example, with reference to the accompanying draw- 
ings, in which like reference numerals are used to de- 
note like parts, and in which: 

Figure 1 is a sectional view of part of an injector in 
accordance with an embodiment; 


Figure 2 is a view, to an enlarged scale, of part of 
the injector of Figure 1 ; 

Figures 3 and 4 are views similar to Figures 1 and 
5 2 illustrating an alternative embodiment; and 

Figure 5 is a view similar to Figure 2 illustrating a 
further embodiment. 

w [0010] The fuel injector illustrated in Figures 1 and 2 
comprises a nozzle body 10 provided with a blind bore 
12. Adjacent the blind end of the bore, the bore 12 is 
shaped to define a seating of substantially frusto-conical 
shape. An outer valve needle 14 is slidabie within the 

is bore 1 2, the outer valve needle 1 4 defining, adjacent its 
lower end, a region of substantially frusto-conical shape 
arranged to engage the frusto-conical seating to control 
the supply of fuel from the bore 12 to a first group of 
outlet openings 16. 

20 [0011] The upper end of the outer valve needle 14 is 
shaped to be of diameter substantially equal to the di- 
ameter of the adjacent parts of the bore 12 to form a 
substantially fluid tight seal therewith and to guide the 
outer valve needle 14 for sliding movement in the bore 

25 12. As illustrated in Figure 1 , the outer valve needle 14 
further includes a lower region of smaller diameter, the 
relatively large diameter upper region and the lower, 
small diameter region together defining an angled thrust 
surface 18 which is exposed to the fuel pressure within 

30 a chamber 20 defined between the lower part of the out- 
er valve needle 1 4 and the adjacent part of the bore 12. 
A part of the lower, conical end surface of the outer valve 
needle 1 4 is also exposed to the fuel pressure within the 
chamber 20. 

35 [0012] The bore 12 defines an annular gallery 22 
which communicates with a supply passage 24 which, 
in use, communicates with a source of fuel under pres- 
sure, for example a common rail charged with fuel by 
an appropriate fuel pump. 

40 [0013] The outer valve needle 14 is provided with 
flutes 26 whereby fuel is able to flow from the annular 
gallery 22 to the chamber 20. 

[0014] The outer valve needle 14 is provided with an 
axially extending bore 28, an inner valve needle 30 be- 

45 ing slidabie within the lower part of the bore 28. The in- 
ner valve needle 30 is shaped, at its lower end, to define 
a frusto-conical region which is engageable with a part 
of seating located closer to the tower end of the nozzle 
body 10 than the first group of openings 16. A second 

50 group of openings 32 communicate with the bore 12 
downstream of the position at which the inner valve nee- 
dle 30 engages the seating. It will be appreciated that 
the engagement between the inner valve needle 30 and 
the seating controls the supply of fuel under pressure to 

55 the second group of outlet openings 32. 

[0015] As shown most clearly in Figure 2, the upper 
end surface of the inner valve needle 30 is provided with 
a recess 34, the provision of the recess 34 resulting the 
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upper part of the inner vafve needle 30 being of relatively 
small wall thickness. The recess 34 is conveniently 
formed using a low force machining technique, for ex- 
ample electric discharge or electrochemical machining. 
A load transmitting member 36 engages in the recess 
34, the upper end of the member 36 engaging a shim 
38, which in turn engages a helical compression spring 
40. The load transmitting member 36 is shaped to be 
engageable with a step or shoulder defined by part of 
the bore 28 to limit movement of the inner valve needle 
30 relative to the outer valve needle 14. 
[0016] At its upper end, the nozzle body 10 engages 
a distance piece 42, the distance piece 42 being provid- 
ed with a drilling 44 whereby fuel under pressure from 
the fuel source is supplied to the supply passage 24. A 
flow restrictor is provided in the drilling 44. 
[0017] The distance piece 42 is further provided with 
a recess of annular shape defining a control chamber 
46, the upper part of the outer valve needle 14 being 
exposed to the fuel pressure within the control chamber 
46. A spring 48 is located within the control chamber 46, 
the spring 48 engaging the upper surface of the outer 
valve needle 1 4 to bias the valve needle 1 4 into engage* 
ment with the seating. A small diameter drilling 50 pro- 
vides a restricted flow path between the drilling 44 and 
the control chamber 46. It will be appreciated that, in 
use, the provision of the restrictor in the drilling 44 per- 
mits the formation of a pressure differential across the 
valve needles 14, 30. 

[0018] Within the control chamber 46, the distance 
piece 42 defines a projection 52 provided with an axially 
extending passage 54. The spring 40 engages the lower 
end of the projection 52. The passage 54 communicates 
through a restricted passage 56 with a recess 58 formed 
in the upper surface of the distance piece 42, a further 
restricted passage 60 connecting the recess 58 to the 
drilling 44. 

[0019] The upper end of the distance piece 42 engag- 
es a valve housing 62 provided with a drilling 64 com- 
municating with the drilling 44. The valve housing 62 is 
further provided with a through bore 66 within which a 
valve member 68 is slidable, the valve member 68 in- 
cluding a region engageable with a seating to control 
communication between a passage 70 which commu- 
nicates with the recess 58, and a chamber 72 which 
communicates, in use, with a low pressure drain reser- 
voir. The valve member 68 is spring biased into engage- 
ment with its seating, and movement of the valve mem- 
ber 68 away from its seating is controlled by an electro- 
magnetic actuator (not shown) which, in conjunction 
with an armature 74 carried by the valve member 68 can 
apply a force to the valve member 68 to lift the valve 
member 68 from its seating. 

[0020] In use, with the supply passage 24 communi- 
cating with the source of fuel under high pressure, and 
with the actuator de-energized so that the valve member 
68 engages its seating, the fuel pressure within the 
chamber 20 is relatively high, thus a force is applied to 


the vafve needle 14 urging the valve needle 14 away 
from the seating. This force is countered by the action 
of the fuel under pressure within the control chamber 46 
and the action of the spring 48 with the result that the 

5 lower end of the outer valve needle 1 4 engages the seat- 
ing. As a result, it will be appreciated that fuel under 
pressure is unable to flow from the chamber 20 to a po- 
sition downstream of the engagement of the outer valve 
needle 14 with the seating. Fuel is therefore unable to 

10 flow to either of the first or second groups of outlet open- 
ings 16, 32. 

[0021] At this point in the operating cycle of the injec- 
tor, it will be appreciated that the fuel pressure within the 
bore 28 of the outer valve needle 14 is high, thus the 

15 upper end of the inner valve needle 30 is exposed to 
fuel under high pressure. The action of the fuel under 
pressure upon the upper end surface of the inner valve 
needle 30 in combination with the action of the spring 
40 maintains the inner valve needle 30 in engagement 

so with the seating. The action of the fuel under pressure 
on the upper part of the inner valve needle 30, and in 
particular the action of the fuel under high pressure with- 
in the recess 34 acts to deform the upper part of the 
inner valve needle 30 to expand the outer diameter 

25 thereof, thus forming a substantially fluid tight seal be- 
tween the inner and outer valve needles 14, 30. 
[0022] In order to commence injection, the actuator is 
energized, and as a result the valve member 68 is lifted 
from its seating. Fuel is able to escape from the control 

30 chamber 46 through the passages 54, 56, the recess 58 
and the passage 70 to the low pressure reservoir. The 
fuel pressure within the control chamber 46 applied to 
the upper surface of the outer valve needle 14 is there- 
fore reduced, and a point will be reached beyond which 

35 the force urging the valve needle 1 4 away from its seat- 
ing is sufficient to overcome the action of the spring 48 
and the fuel pressure within the control chamber 46, and 
the outer valve needle 14 will lift away from the seating, 
thus permitting fuel to flow to the first group of outlet 

40 openings 1 6. The flow of fuel across the open end of the 
bore 28 maintains the fuel pressure within the bore 28 
to which the upper end surface of the inner valve needle 
30 is exposed at a relatively high pressure, thus al- 
though the outer valve needle 1 4 moves, the inner valve 

45 needle 30 remains in contact with the seating. As a re- 
sult, it will be appreciated that fuel delivery occurs only 
through the first group of outlet openings 16, fuel not 
being delivered through the second group of outlet 
openings 32 at this time. Additionally, as the inner valve 

50 needle does not move, it can assist in guiding the move- 
ment of the outer needle. 

[0023] Once the outer valve needle 1 4 has lifted to its 
fully opened position, the upper end thereof engages the 
projection 52, thus the flow of fuel from the control cham- 
55 ber 46 to the low pressure drain through the passage 
54 is terminated. Fuel flows to the control chamber 46 
through the restricted passage 50, thus the fuel pres- 
sure within the control chamber 46 rises. However, as, 
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at this point in the injection cycle, the effective area over 
which fuel under pressure acts to urge the needle away 
from the seating is large, the increase in fuel pressure 
within the control chamber 46 does not result in move- 
ment of the needle 14 to terminate injection. As the flow 
of fuel from the control chamber 46 to the low pressure 
drain is terminated, the fuel pressure within the bore 28 
starts to fall, reducing the deformation of the inner valve 
needle 30. Further, a point will be reached beyond which 
the fuel pressure acting upon the exposed part of the 
inner valve needle 30 is able to lift the inner valve needle 
30 against the action of the spring 40 in combination with 
the remaining fuel pressure within the bore 28 to allow 
fuel injection through both the first group of outlet open- 
ings 16 and the second group of outlet openings 32. 
Movement of the inner valve needle 30 is limited by en- 
gagement between the member 36 and the step defined 
by the bore 28. 

[0024] In order to terminate injection, the actuator is 
de-energized, and the flow of fuel to the low pressure 
drain terminates. Fuel is able to flow to the bore 28 
through the passages 60, 56, 54 resulting in an increase 
in the fuel pressure applied to the inner valve needle 30. 
When the fuel pressure above the inner needle 30 ex- 
ceeds that beneath the needle 30, movement of the in- 
ner valve needle 30 into engagement with the seating 
takes place, and the upper part of the needle 30 is de- 
formed to form a seal with the outer valve needle 14. 
The fuel under pressure within the bore 28 further in- 
creases the downward force applied to the outer valve 
needle 1 4 to an extent sufficient to cause movement of 
the needle 14 into engagement with the seating to ter- 
minate injection through the first group of outlet open- 
ings 16. 

[0025] It will be appreciated that the embodiment of 
Figures 1 and 2 has the advantages that a single actu- 
ator is used to control movement of both the outer valve 
needle 14 and the inner valve needle 30. Further, the 
escape of fuel between the inner and outer valve nee- 
dles 14, 30 is reduced or avoided. 
[0026] In the arrangement described hereinbefore, 
movement of the inner valve needle occurs only when 
the pressure of fuel applied to the injector exceeds a 
predetermined level and when the outer needle has 
reached its fully lifted position. By appropriate control of 
the injector, the total area of the outlet openings in use 
can be controlled to permit the duration of injection to 
be maintained at a relatively low level even under high 
engine speed or load conditions. 
[0027] Figures 3 and 4 illustrate an arrangement 
which is similar to that of Figures 1 and 2, but in which 
the fuel pressure within the control chamber 46 is con- 
trolled using a piezoelectric actuator arrangement which 
controls the position of a piston 76. The inner and outer 
valve needles 14, 30 are both exposed, throughout the 
range of movement of outer valve needle 14, to the fuel 
pressure within the control chamber 46, thus movement 
of both of the valve needles is dependent upon the pres- 


sure differential between the upper and lower surfaces 
thereof, the effective cross sectional areas exposed to 
the fuel under pressure and the effect of spring biasing. 
In the arrangement illustrated in Figures 3 and 4, the 

5 inner valve needle 30 is not spring biased, the only 
spring biasing being by way of a spring 78 which is en- 
gaged between the piston 76 and a shim 80 which en- 
gages a shoulder defined by the bore 28. The spring 78 
serves to maintain the outer valve needle 14 in engage- 

10 ment with the seating when fuel under pressure is not 
being supplied to the injector. 

[0028] In use, initially the piston 76 is urged by the 
piezoelectric actuator towards a position in which the fu- 
el pressure within the control chamber 46 is maintained 

15 at a high level. The application of high pressure to the 
control chamber 46 maintains the inner and outer valve 
needles 14, 30 in engagement with the seating against 
the action of fuel under pressure within the chamber 20. 
In order to commence injection, the piezoelectric actu- 

20 ator is energized to permit movement of the piston 76 
to reduce the fuel pressure within the control chamber 
46, and a result the outer valve needle 1 4 moves to per- 
mit fuel delivery through the first group of outlet open- 
ings 16. This movement occurs against the action of the 

25 spring 78, and results from the pressure differential be- 
tween the upper and lower surfaces of the valve needle 
14 and the effective areas to which fuel under pressure 
is applied. 

[0029] Once the outer valve needle 1 4 has lifted, fuel 
30 under pressure is applied to the inner valve needle 30. 
If the piston 76 is moved to reduce the pressure within 
the control chamber 46 relative to that applied to the low- 
er part of the needle 30, the inner valve needle 30 is 
able to move against the action of the fuel pressure with- 
35 in the control chamber 46 to permit fuel delivery through 
both the first group of outlet openings 1 6 and the second 
group of outlet openings 32. 

[0030] Termination of injection occurs by energizing 
the piezoelectric actuator to move the piston 76 to in- 

40 crease the fuel pressure within the control chamber 46. 
As a result, the fuel pressure applied to the inner and 
outer valve needles 14, 30 increases, and a point will 
be reached beyond which the fuel pressure within the 
control chamber 46 is sufficient to cause the valve nee- 

45 dies 1 4, 30 to return into engagement with their respec- 
tive seatings. 

[0031] As described hereinbefore, the embodiment of 
Figures 3 and 4 requires the provision of only a single 
actuator to control movement of the inner and outer 

50 valve needles 14, 30, and leakage of fuel between the 
inner and outer valve needles 1 4, 30 is restricted by the 
application of fuel under pressure to the recess 34 pro- 
vided in the upper part of the inner valve needle 30 de- 
forming the inner valve needle 30 to form a substantially 

55 fluid tight seal with the outer valve needle 14. 

[0032] Figure 5 illustrates an arrangement in which an 
inner needle 30 is slidable within a blind bore 28 formed 
in the outer needle 1 4. The inner needle 30 and bore 28 
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together define a chamber 92 which communicates, 
through a restricted passage 94 with a part of the bore 
12 upstream of the first group of outlet openings 16. 
[0033] In use, an appropriate actuator is used to con- 
trol movement of the outer needle 1 4. If the outer needle 
14 moves slowly, the fuel is able to flow at a sufficiently 
high rate through the passage 94 to the chamber 92 to 
ensure that the inner needle 30 remains seated. How- 
ever, if the outer needle 1 4 moves quickly, the fuel pres- 
sure within the chamber 92 will fall as fuel is unable to 
flow to the chamber 92 at a sufficient rate to maintain 
the fuel pressure within the chamber, and the inner nee- 
dle 30 will lift away from its seating. During injection, as 
fuel can continue to flow, at a low rate, to the chamber 
92, the inner needle 30 will gradually move towards its 
seating. 

[0034] As described hereinbefore, the inner needle 30 
is provided with a recess 34 such that the application of 
fuel under pressure to the chamber 92 causes dilation 
of the inner needle 30 to improve the seal between the 
inner needle 30 and the bore 28, thus reducing fuel leak- 
age. 


Claims 

1. A fuel injector comprising an outer valve needle 
(14), an inner valve needle (30) slidable within a 
bore (28) formed in the outer valve needle (14), an 


6. A fuel injector as claimed in Claim 1 , wherein the 
bore (28) formed in the outer needle (14) is a blind 
bore, the blind bore (28) and inner needle (30) to- 
gether defining a chamber (92) which communi- 

5 cates through a restricted passage (94) with a 
source of fuel under pressure. 

7. A fuel injector as claimed in Claim 6, further com- 
prising an actuator arrangement associated with 

10 the outer needle (14) and arranged to control the 
rate at which the outer needle (1 4) is moved in use. 

8. A fuel injector comprising an outer valve needle (14) 
and an inner valve needle (30), the inner needle 

*5 (30) being slidable within a bore (28) formed in the 
outer needle (14), the inner and outer needles (14, 
30) being exposed to the fuel pressure within a con- 
trol chamber (46), and a single actuator arrange- 
ment controlling the fuel pressure within the control 

20 chamber (46). 

9. A fuel injector as claimed in Claim 8, wherein the 
actuator arrangement comprises an electromagnet- 
ically actuated valve (68). 

25 

10. A fuel injector as claimed in Claim 8, wherein the 
actuator arrangement comprises a piston (76) ar- 
ranged to be moved by a piezoelectric actuator. 


inner end of the inner valve needle (30) being locat- 30 
ed within the bore (28), the inner end of the inner 
valve needle (30) being provided with a recess (34) 
whereby the application of fuel under pressure to 
the bore (28) deforms the inner valve needle (30) 
to form a substantially fluid tight seal between the 35 
inner and outer valve needles (1 4, 30). 

2. A fuel injector as claimed in Claim 1, wherein the 
inner needle (30) is spring biased towards a seat- 
ing. 40 

3. A fuel injector as claimed in Claim 1 or Claim 2, 
wherein the inner and outer needles (14, 30) are 
exposed to the fuel pressure within a common con- 
trol chamber (46), a single actuator arrangement <s 
being used to control the fuel pressure within the 
control chamber (46). 

4. A fuel injector as claimed in Claim 3, wherein the 
actuator arrangement comprises an electromagnet- so 
ically actuable valve (68). 

5. A fuel injector as claimed in Claim 3, wherein the 
actuator arrangement comprises a piezoelectric ac- 
tuator arranged to control the position occupied by ss 
a piston (76) to control the pressure within the con- 
trol chamber (46). 




